In this work, a combined form of the Laplace transform method and the Adomian decomposition method is implemented to give an approximate solution of nonlinear systems of di erential equations such as sh farm model with three components nutrient, sh and mussel. The technique is described and illustrated with a numerical example.
Introduction
We consider the following sh farm model [3, 9] with three components: nutrient, sh and mussel Here X(t), Y(t) and Z(t) are the densities of nutrient, sh and mussel population biomass at time t, respectively. Parameters ϕ, µ α and ζ represent the external food out ow or sedimentation rate of nutrient and nutrient uptake rate of the sh population and the maximum nutrient uptake rate of the mussel population respectively. With higher level of external food ϕ, the sh population can not assimilate it, the excess of the food making the sh farm eutrophic. It has a great impact on how the ecosystem is functioning. δ, γ and β are respectively the death rate, the intra-speci c competition and the proportion of nutrients contributing to the biomass of sh. Here ρ and η are respectively the death rate and conversion e ciency of mussel. Thus the external food not be assimilated into the sh biomass could reach mussel in the form of particulate organic matter and mussel can easily consume it [8, 9] . The Laplace Adomian Decomposition Method (LADM) is a combination of the Adomian Decomposition Method (ADM) [1, 2] and Laplace transforms. This method was rst introduced by Khuri [12, 13] . LADM is a promising method and has been applied in solving various nonlinear systems of di erential equations [6, 7, 10, 11, 15, 17, 18] . For some numerical methods using Padé approximation see [4, 14] . In the LADM-Padé method, we use the method of Padé approximation applied to the solution obtained by the LADM. Khuri [12] proposed a Laplace Decomposition Method (LDM) for the approximate solution of a class of nonlinear ordinary di erential equations. In [18] , Yusufoglu developed this method for the solution of Du ng equation. Nasser [6] exploited this method to solve Falkner-Skan equation. Recently Ongun [15] constructed an analytical solution of a model for HIV infection of CD4 + T cell in the form of a polynomial. The main objective of the present paper is to nd the series solution of a sh farm model by using LADM. The plan of this paper is as follows: In Section 2, the LADM is presented as it applies the model (1.1). The application of the proposed numerical scheme to model (1.1) is given in Section 3. In Section 4, we present Padé approximant. Finally we give our conclusions in Section 5.
The Laplace Adomian Decomposition Method
The main aim of this section is to discuss the Laplace Adomian Decomposition Method for solving of sh farm model (1.1). The technique consists rst of applying Laplace transformation (denoted throughout this paper by L) to both side of (1.1); hence
Applying the formulas for Laplace transforms, we obtain
Using the initial conditions (1.2), the above equations can be reduced to
where A = XY , B = XZ, C = Y . The Laplace transform decomposition method consists next of representing the solution as an in nite series, namely,
where the terms Xn , Yn and Zn are to be recursively computed. Also the nonlinear operators A, B and C are decomposed as follows:
where An , Bn and Cn are the so-called Adomian polynomials. The rst ve polynomials are given by
Substituting (2.4) and (2.5) into (2.3), we get
Matching the two sides of (2.9) yields the following iterative algorithm:
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Applying the inverse Laplace transform to the rst equation in (2.10)-(2.12), we get
Substitution of these values of X , Y , Z into the second equations in (2.10)-(2.12) gives
Evaluating the Laplace transforms of the quantities on the right-hand side of (2.
13) and then applying the inverse Laplace transform, we obtain the values of X (t), Y ( t) and Z (t). The other terms X (t), X (t), . . . , Xn(t), Y (t), Y (t), . . . , Yn(t), Z (t), Z (t), . . . , Zn(t) can be obtained recursively in a similar fashion using the last equations in (2.10)-(2.12).

The Padé approximant
In many branches of applied mathematical sciences, the solution of a given problem is often obtained as a power series expansion. The question is then trying to approximate the function from its series expansion. A possible answer is to construct a rational function whose series expansion matches the original one as far as possible. Such rational functions are called Padé approximants (Henri Eugene Padé 1892 [16] ). Padé approximants were obtained by two di erent ways by two prominent mathematicians of the 18th century. The rst of them is Johan Heinrich Lambert (1728-1777) and Joseph Louis Lagrange (1736-1813) they gave a method for nding the solution of an ordinary di erential equation as a continued fraction which has the advantage of converging often faster than the expansion of the solution into a power series. Since the successive convergent of this continued fraction was not easy to manipulate, Lagrange reduced them to ordinary fractions by using the recurrence relationship for their numerators and denominators. Then, he observed that their series expansions agree with that of the original series up to the term whose power is the sum of the degrees of the numerator and the denominator inclusively. This is again the de nition of Padé approximants.
Here we give a brief knowledge of the Padé approximant. The main advantage of Padé approximation over Taylor series approximation is that the Taylor series approximation can exhibit oscillations which may produce an approximate error bound. Moreover the Taylor series approximations can never blow up in a nite region. The Padé approximant of a function is given by the ratio of two polynomials. The coe cients of the polynomials in the numerator and the denominator are determined by using the coe cients in the Taylor series expansion of the function.
Let us consider a rational function with a numerator of the degree m at most and a denominator of the degree n at most such that its power series expansion (obtained by dividing the numerator by the denominator in ascending powers of the variable x) agrees with that of f as far as possible. Such a rational function is called a Padé approximant of f and it is usually denoted by [m/n]f (x). Its numerator has m + coe cients and its denominator n+ . But, since a rational function is de ned apart from a multiplying factor (which will be taken so that the constant term of the denominator is equal to 1), there are only m + n + unknown coe cients in this Padé approximant.
The 
Numerical application
In this section, we apply the LADM to sh farm model. Here X( ) = x = , Y( ) = y = , and Z( ) = z = for the three-component model and we set α = . , β = . , γ = . , δ = . , η = . , ζ = . , µ = . , ρ = . , ϕ = . . A few rst approximations for X(t), Y(t) and Z(t) are calculated and presented below: According to LADM, we obtain
The e ectiveness of numerical methods are shown in Table 1 -3. These methods give highly accurate results in very few iterations. 
Conclusion
The series solution of the sh farm model is obtained by using the Laplace Adomian Decomposition Method (LADM). It is clear that the Laplace Adomian Decomposition algorithm yields very accurate approximate solutions with only a few iterates. In Fig 1, fourth-order Runge-Kutta [5] and Padé approximate solutions for systems (1.1)-(1.2) are compared with the solutions obtained by the Laplace Adomian Decomposition Method using only six iterates.
